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ABSTRACT 


a~ 


۱۱۲ teennigque for optimizing multidimensional functions 
developeá in Refs. (7), (10), and (13) has been applied in this 
Epor. tO tne preliminary design of a multimission naval auxil- 
The algorithm computes a number of effectiveness factors 
Por Cach cesign which reflect the ship's ability to meet its 
Ica mission recuirements. These factors are then combined 
witn tne sniop's twenty-five year life cycle costs in an optin- 
EE n Criterion wnich permits selection o; an optimum design. 
Ie” results ootained from the algorithm aescribed in this re- 
E pre tapulated in Tables III, IV, V, ana VI. 

EU .unately, tne optimization Lecnhnigue utilized Gn this 
መመ እ ጋ not permit examination of results in terms of the ef- 
Mn cost of each individual effectiveness factor. For tnis 
Bon. ihe recommendation is made that for future studies of 
E x nd, en entirely new approacn should be taken as described 
۲۳ 550101011 IV, 
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Tne exvonential rancom searen ootimizatioa teca CGO E ከከ 
ES in nefs. (10), (13), and (7) for tne preliminary Gesign of 
ከ Ships, tanxers, anda container saios respectively, is bases 
Eg searcnins for tne set of indevendent design variables which 
Mescrioe the least cost ship satisfying a specific set of owner 
۱۳۳۲۱ ኮርጠፎባርይ.። Tne optimization schemes are basea upon economic 
Tria whose significance are readily apparent. 

lS same least cost procedure is not valla when 1 
2 multimission naval ship. Costs must be balanced against the 
ship's ability to perform one or more military missions whose 
ENE "veness cannot be readily measured in economic terms. The 
problem is one of placing a numeric value on "mission effective- 
ness" in such a way as to be meaningful when comparing one de- 
Meee wind another and wnen matcning cost witn effectiveness. 
Mees is necessary in order to select one cesign as optimum or 
meee COSt effective. 

Miter primary purvose of this report is tne examination of 
E uethod oi analyizing cost effectiveness in a multimission 
naval auxiliary. Dimensionless effectiveness factors are com- 
puted wnich reflect the ship's ability to meet its mission re- 
E nents. The sum of the factors computed is divided into 
the design's twenty-five year life cycle cost in an attempt to 
መው ር the effectiveness measures chosen with cost. The ship 
design which has the lowest numeric value of cost/effectiveness 


5 ۵ desizn selected as optimum. 
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Meentifiaole bioczs or calculations. sy this means it is easy 


Memmake cnanges to tne program that do not require major revis-— 
Meme Oi the prosram losic. This has been adopted to keep the 


Basic prosram auite zeneral and indenendent of the 0 0۵ 
ኤዴ - c de 


ein being calculated. 
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Mary of this report are identical with those used in ref. (10) 
EU are listea 1ኬ8 Table I. The ዐፀይ1ፎበ model is patterned after 
Ene present designs of 40E's and AOR's and is described in ap- 
EN X A-1. wWnere ine design procedure difiers marxedly irom 
END Ref. (10), justification is providea in boti this section 
 ጠጢ ከ ፡ appendix a. 

ES list of initial 6 3128226255 51 DE ር |) dem 
fette et, of tne optimization procecure is given in Taole II. 


nen this study is not concerned with how tne requirements 


. A 


of Table II are determined, these reauirenents must be consider- 
Me. Cecidainsa wnaat importance or weisntins to place on the 
Meer measures of effectiveness whicn are calculatea aurine the 
Mer cesizn Process. This point will be Giscussec in more 
MRE wen tne effectiveness measures are presented later in 
ENS section. 

El o0j1ons on tne Valves = taat tas 1100ependgenet Vveriagolce 
۳ ۱۵۵ 1 carı assume are 12. ከ 9 ሔጨሰከሠ ታን ምኑ res Boara, 
EN "c2, and powering considerations. The restrictions are 
es follows: 
Meseea/iraft, speed-length ratio, prismatic aad volumetric 
EE "cient limitations are determined by the coverage of tne 


00 الا‎ Standard Series used in the powerins calculations, 
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mei. (S). TLese ranges are about as follows: 
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item Symool Unsere Variable 
Displacement EA jio e TIS XV(1) 
Prismatic Soefficient CP non-áinen. XV(2) 
Sneeä-lensth ratio V MEC, xnots XV(3) 
feet 
3eam/Draft = non-dimen. XV(4) 
Length/Devth L/D HODGE XV(5) 
Table 11 


Ie coco NE ni UIN ا‎ ስ በከር 
Payloac weignt in long tons. 
Meximum speed in knots. 
Replenishment sveea in «nots. 
Baanrance speea in «nots. 
E Tance In nabtical miles. 
mamen weiligau in long tons. 
Ship's ammunition allowance weignt in long tons. 
Aviation features weight in long tons. . 
ዜን ክቱ ር” equipment weight ir long tons. 
INNO cargo weicht as a percentaze of total payloaa weight. 
Mareo JP-5 as a persentaze of liauid cargo weight. 
Perso ammunition weigrt as a percentage of total »ayload wt. 


Meyecarco weicht as a ver 
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entase of total vayload weignt. 
waximum ailowaole oeam in feet. 
Mer iman allowsole arart in feet. 


NS usler powe» reoulrements in horsepower. 





W se ¡imits on speec-¿enstb ratlo allow volomesnie 06۱ 1 ET 
E5verace from .001l - .006. The limits are soecified by formulas 
nd 2. 
wAV(1)min * (AV(3)min#6) F .001 
A in n * (XV(2 III) >=) ( ) 
۷ 0 6 
SW ra e di A مه‎ E A ^, 
AV(1)max * (AV(3)max'*5) = .008 (2) 
Vmaxts6 
መ“ : 5 «t. 


EM |! cases, except for tne upper limit on speed-iensth ratio, 
መመልከ .. CY, the limitations imposed are not unduly restrictive 
NE. represent more range than is normally reauired for con- 
ional ship aesign. 
Si, Tne upper limit on L/L is imposed by strength considerations. 
mae lower limit is tne result of usins data in Ref. (2) where 10 
is the lowest L/D considered. These limits are; 
10.0 = L/D (xv(5)) £ 14.0 
EN ን ፡ ክስ imits on disvlacement initially representea values around 
E e incorporateac in present ship desisns of the auxiliary 
EE However, they are also a consideration when determining CV 
Tase as shown in equations 1 anû 2. These limits are: 
45000 FA (xv(1)) £ 60000 
1 Program Logic 
ie protram operates on tne five design variables under the 
eee 01 tne main or executive routine. The general flow 
Mart is snown in Fizure I. 
I on roucine Iv"su callis abpon the jnsut suprautine Lo 


ይጀፔ in the initial data and set uo the first pase of output. 
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"VENIO ee u, 2 ce 
۱۳۱ which includes five design cycles is Originated. tach of 
the design cycles allows five upcates ver inaepencent va&riable, 
r ccessary, to obtain a satisfactory design in tne particular 
MAS Deinz calculated. Formula 3 is the updating eouation. 
XV(1) = XB(1) + (CAMAK( 1) - XMIN(1)#((2.0#RAND(O.0)-1.0)#%M) (3) 
Kali) is the value the independent variable has in the latest 
best design. RAND(O.0) is the random number (a number between 
=1.0 and +1.0). M is the exponent in use for the particular 
ED in oogeration. 

À check is made to ensure that the updated variable lies 
EN un the limits placed upon that particular variable. If the 
መመ ble is outside tne vrescrivea limits, tne updating process 
ere oe ter, 

HN ۱۱۲ gesicen Cy o les nave Deen 18-6 tae Toop 
meancer is incremented by one ana the design process repeats it- 
Nati the prescribed number of loops has been run. Any one 
E the design cycles might proauce an improved cesign when con- 
ይይቢልክስ 0o tae previous best design or to the initial solution 


Calculated. 


iin cesen cesign cycle the main program first calls the 
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Seren suoroutine which computes a seneral weight balance in- 


meains the actual payload weight. In adaition, transverse GM 
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MemecaiCluiated and cnecsed asainst a required minimum GM. This 
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if the user feels tne desisn may be volume limited (based 





(3 
t 

b 

1 
ርዕ 
ct 
(D 
O 
= 
E 
1 
(fl 
人 
ርን 
7 
ር 
ሩ 


ternal null volume is coiuputed ana the volume requirements for 


,每 


Mas and operatinz spaces are subtractied from this total. The 
Memeinins volume is available for payload. ል check is made 
Becher tnis remaining volume is sufficient for the actual pay- 
Ma cerriea. The required volume is SESS ۱ 2652 A a 
nt previously calculated in the desi«n subroutine. If there 
BENE : suificient volume, the design is rejected. This proced- 
Mme iS descrioed in Aopendix 4-2. 

NEM program next calls upon tae cost subrougincwwaaics 
MmemputLes tne acquisition cost, annual operating cost, and twen- 
Near life cycle costs. This procedure is described in 
mepenaix A-3. 

Mer next subroutine called is the efiectiveness subroutine 
Which evaluates the efiectiveness measures ana computes "cost 
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Esfectiveness" for the particular design beins calculated. This 


Mat ion iron past optimization oroceaure is tne salient feature 
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nis report and is aescribea in Section II-2. 

mie main prozram compares the return from the effectiveness 
ce with the lowest previous value of cost effectiveness. 
If the new desirn has a lower value of cost effectiveness, the 
ን is saved ana printed output is generated. Should a prior 
most Ciiectiveness be lower in value, no furtner action is taken 
۱۳۳ ۱۳۵ new design. The cycle is then terminated and a fresh 
Meeeen cycle initiatec. 


EU tne completion of tne last aesizn loop, the output 





valuation of the Effectiveness 

ES was stated, previously, tae su in = MEM 
ES Uenishment ship design program is the determination of a nuns 
Mercal metnod for measuring mission effectiveness. rour effect- 
SS inuicators were enosen as oeins representative of a ce- 
Men'S ability to carry out its prescribed mission. They are; 

b. memoarison of actual mission fuel requirements totae tras 
meeeronaliy required fuel necessary to steam a 5582611 
emaaurance aistance, 

Bi. Memperison of freeboard resuirea with available freeboard. 
Mees iS ai inalcation of the requirement for ary decks 
meide LO permit personnel ensaged in at-sea cargo trans- 
Mery Suitable workings conditions. 

۳ comparison of actual vavload carried to that required as 
em input to design. 

EV. EUparison of actual volume available to that recuired by 
puc Calculated payload. 

۱۱ irst measure ls significant because the ship must have 
MN tc ilent ounser fuel on board to enable it to aeliver its pay- 
aa to the ships needing replenishment irrespective of the tra- 
ional reauirement for sufficient fuel to steam a specified 
Mstance. If tais fuel is not on board, the payload must De re- 
ERU 9r part of the payload fuel must be used as bunxer fuel. 


ime second measure is important because topslae personnel 


~li- 
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ffe o nc e as tne zercenwase of cry carz> is increasea andá more 
erect handling of the cargo is required Dy the snip‘s crew. 
Mie tnira.ana fourin MESSI SECC E LCE و‎ 
Moeemeet tne initial specifications witn resara to payload. al- 
۱۳۲ ۰ the alzorithu permits designs of less than requirea pay- 
Ed weisnt, it rejects ali those with inaaequate volume. 
MN > four measures are numerically evaluatea oy means Ol 


EN ons 4, 5, 6, ena T respectively. The fuel effectiveness 


EScLOD iS: 


EFORFL - ((WTFUEL - EFJEL)/Zr JEL)*k*W (4) 
EFORFL - ship's fuel efrectiveness factor. 
MIEL = fuel veisht necessary to steam the 0 
enaurance distance. 
መ = fuel weight necessary to accomplish tne 
Sec 1d Mission ا‎ 
K > 1.11 lactone ke scribDea later in 
Dass መር ات‎ 
W Zu E LE toco) Ue ser acen ተር 


O oe 
secnisnnent scenario chosen for Le s.udy to compute 
Merl, is representative but can be altered at the discretion of 
E User. It is descrived in detail in ADoenaix 5-4. Incorpor- 
Mec into tne replenishment scenario is the pumping capacity 


Heeded by ihe reolenishinz ship (based on present practice). 


Mier trecooara effectiveness factor is: 


1... (DI ت‎ ۱ ew (5) 
Meee = freedsoara effectiveness factor. 
FA = avallseblegst reshozrs., 


FEIN 二 TWO] »ceo50A4Pd. 
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ETC on a Gamage survivavility requirement which is that all 
E Ens must ve capanle of sustainjinr a permanent list of 15 de- 
Bee with tne adalition of 5 dezrees of dynamic roll without 
Beer 2ne the deos edge. NS restriction js consiste m MN 
@@eniniormaticn presented in Ref. (11). 
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Mae peyload etfttectiveness factor is: 


|| 


AVID S COWTPLD = IPLD)/WPLD))* ks 3 GE 


EPAYLD = payload effectiveness factor. 
ISP 1D actual nayload weirht. 
WPLD = required vaylosda welent. 


|| 


We actual payload weight is the weight calculated within 
mera lsoritam. Tne requirec payload weight is part of the in- 
Metal input to une program. 


ከ ም Volume efiectiveness factor is: 


EVOL = ((VOLAOT - VOLREQ)/VOLRZEG)*ui*W (7) 


EVOL = MONTE Acá S Li vVeness Tae lor. 
VORACT = actual volume available for payload. 
fee = volume required by calculated pevioad. 


Eu available payload volume is that volume below tne main 
meen remainins after meeting the shipn’s overatins anda service 
Mime. requirements. The required payload volume is the volume 
በክ  ። ኮፕ for the vavylcaa calculated within ihe algoritnm. 

OU factors as somouted in equations 4, 5, 6, and 7, 
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ere non-dimensional. They are multivlied by a normalizing fact- 
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The x Values were originallv chosen osseg را‎ N لفل‎ 
Ex ing oi the prosram cutout utilizins 5O0wdesirn loops. An 
accitional "write" statement was adced to the algorithm so that 
the computea values of tne effectiveness factors were written 
EN ^ cvery successiul desisn completed, not just those whose 
mem@outed cost elrectiveness was better tnan any previous desisn. 
Sample output was taken at the following discrete values of li- 
Mia Cargo to total cargo: 92%, 80%, and 70%. For each effect- 
EE ss factor and for eacn cargo nix, the values obtained dur- 
mee ume 50 loops were summea and the resultant sum was diviaed 
ዘመመ total number of results outputted for that factor. This 
ቪን ። ርዕ“ save the arithmetic mean for each efrectiveness factor. . 
mean value was a function of the cargo mix selected. 18 
۳ ۲ 15۵ a k factor was derived so that by multiplying the 
EENNM nc of the effectiveness factor by the x value, the ei- 
E ከመፐብር6ር5 factor taxes on the value 2.0. 

For example, the fuel effectiveness factor results were as 


allows: 


% Liquid Cargo Number of Arith, Mean ፳ value for 
ECT) Results AO OE ሀ“... OD 

.92 5255 .372 ZUM 

.80 144 444 4.54 

TO 90 ‚518 Sa 


BESSed on these aata, the following equaticn was fitted relating 
GO APCT: 
E NIA TA O 





The vw iactors are input weightins factors selected by the 
Beer. Tne user may decide that one effectiveness measure is 
E Significant than the others and the ability to indicete 


Mes preference is an input parameter. The influence of weight- 


12-56551555711 ست‎ wee 
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Es demonstrate 
Me” tour effectiveness factors computea by equations EE 
G, and Y are incorporateá into an overall mission effectiveness, 
۳۳ Oy means of the following equation: 
ጌን “12 effectiveness factors (8) 
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Mgeemumoer, 55, is an arbitrary number of 
Units siven to any successful design. It is based on results 
ined from tne alsoritnm as follows: 

Ems the preliminary tests of the alsorithm, the resulve 
በቪ ሁር ከ1540 Loe sum of tne four effectiveness factors was about 
E for successful designs. The designs ransec in cost from 
5۱ ها‎ 170 million dollars. The range in costs was, therefore, 
Mmemeoercent of the averace cost for these designs. - The arbi- 
trary selection of 35 effectivenegs units was made so that the 
Me in total effectiveness was orf tne same order as the 
Ee in costs. That is, 4.0 is 11.5 percent of 55. 

Seovracting the sum of tae absolute values of tne efiecut- 
Myeness factors in equation 8 has the effect, of driving the Ce= 
Sien towards just meeting the mission requirements. With one 
Mee nvion, equal penalty is assigned to noth falling below ana 


EU ssinz the basic requirements. The only exception tro this 
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۱۲۱ aleorithm selects the design with the lowest value of 


Sevens ms being the optimum desizn. 





nLxsmple results oovained 53ኛ. 161ር ሮመ uu ርህ 
wart are siven in this section. common volies of دا‎ EG 
requirements (Tadle TI), with the exception of the cargo mix to 
ጠጠ ይ ጉ ied, were used for all tests. These values apes) vemm 
Meeevdix S. The progran was first usec to examine tne efiect 
on Gesien of changing 


ጋ 


tae mission requirere ira by van a M 
KS nix selected while holding the payload weiznt constant 


Mëttes III anà IV). Next, the effect of alterins the efiect- 


Mmyeness weishtinz factors was investigated (Taole IV). Finally, 


ELM ect of requiring only sustficient fuel for the actual re- 
መመመ  ር;ገኪኒ micsion witn no endurance fuel requirement in the 
traditional sense, was examined (Tables V and VI). 

tee 225160 of the sum of dry carzo weignt and cargo ammuni- 
tion weisht to vayload weight was varied rrom 0.08 to 0.35. The 
MENO. oí Carmo ammunition by weignt to dry cargo weizht was cho- 


BEEN دا‎ 3.54. This figure corresponds to the cargo distribu- 


MOR carried in present 20855. In all but the first tests (col- 


۰ 
1 


۱۳ ۱ ang 2) listed in Table III, the slzoritnm was required to 
Mete i000 design loops. The first two tests utilized 700 
MODs. The exponent used in the updating mecnanism was hela at 
E or 50% of the loops, three for the next 20% of the loops, 
five for the next 10%, ana seven for the last 10% of the loops. 
"ን ከሮ ኮን Iimprovenents outputteer Tar each CECI N DIT 


Mmoemrecaching tne finznl design, is listed in ali Tables for eac 
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Variar on 181 Mission EE aS FETE 
changing tne Cargo Distribution 

Column No. 1 2 == 
E 9 ioui vereso) wo EDEN ‚50 SE 
Meeolacement (T) 48334 4907 (2 40758 50095 
oo ‚592 ‚590 ‚543 ። 
NE ‚926 „920 ‚923 921 
B/T PO 21] 2.455 2.544 
L/D 108 11.51 10.93 11.90 
Menetn (ft) 788.5 800.0 OEA 796.9 
Beam (ft) 920 97.3 Die p E.) 
Bart (ft) 40.4 38.6 اك‎ | 40.2 
EC (05) — — 070.2 /3— 70.5 Tebo. MB 
00 ‚578 ‚575 wed ERI 
Cm ‚276 ‚975 272 . 2 
Cv .00345 .00339 00349 .OC24T 
۲۲لا‎ 1] .140 . .: .149 . : T2010. 029 
Maximum SHP Bela: C2 CAE TES 20357 
۳۳ ۱1۳, SHP ` . - 18008 19015 ese 18441 
Maur. Fuel (T) - 3690.06 4214.08 ”or ክክ 
۳ 9 Fl. (T) 2138.17 _ ی‎ 2.21 2614.20 
Misat Snio Liso. 17491 Ves (EOS) 12-932 1 
Payload Sav. (T) 25699 2s726 _ 25713 257 c 8 
E Pla. Vol. 1122078 12 07229 1202599 TOM 
Reqd. Pld. Vol. _ 1152041 _ 1230250 1292480 _ 1338855 
E - 6.69 .ጊ 8.5i OB E 
Complement 542 553. ee SE ` 
Meets in millions of aollars: 
Me@quisition 57.54 59.46 59.65 GOTOO 
Annual Operating Sas 6.64 | aro 
Year Life _ c Use N 169.2 | 170.6 
۱ or Imoro nents 24 — 22 ECCS Zn 
weienting reactors Jtilized: 
Fuel Loc |] 10 O 
Freeboarä O O Lag O 
Payloaa با‎ D) 5. 0 E E 
۱۰۱۱ ۵۵0 Volume Ie M Ico ل‎ ID ee 
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Column Xo. دب‎ NE xm 2 3 à 
&PoY (5 LiguiG sarso} _.70 (0 E Ew 
EE corer (2) 51217 5128 46511 51255 

oa 646 539 620 
Ca .888 905 892 907 

2.820 33076 2.657 2,555 
E TONNEN — Er 13.00 12-6 
Lensth (ft) 857.9 624.4 849.2? GO S 
Bean (ft) 97.4 102.8 2, 1 17258] 
Bart (ft) 34.5 bm 55.0 34.9 
Depth (ft) BE EE 55 64.4 
D NM 0 oz: SO. زر‎ 
em 979 .950 .980 AS 
Ov 00284 .00320 00283 .00323 
و‎ 1 »01o»- A en 2.769.759 wt 
Maximum SH? 547 103976 92337 06063 LEN 
Bndur. BE us 19777 19008 19631 
Maur. Fuel (T) 4559.14 "262.50 /si oe 
Mission Fl. (T) 2836.20 2953.61 _ 2598.00 2778.30 | 
ፎክ |: Ship Lisp. 195, | 19437 16979 0504 
ሺ 5፡0 :53. (T) መ ፡; ር 7 . 266455. 25550 A 
feel. Pld. Vol. 1392373 1594501 — 1398593 12:262 m A 
Rega. Fld. Vols «—0.  . و و‎ 
GM (ft) 00 ee er RE C C CHEN 
Complement 506. CS — A ae 
@ests in millions of dollars; - ሽ 
Mequisition COT 60.45 59.42 80.00 
Annual Oversting o. 6.99 6.74 120% 
25 Year Life . 156.6 169.6 ከር ዝን iano 
No. of Imoro'ments | 20. jor — ርር UEM LT 
weighting Factors Utilized: 
Fuel 1.0 OES 1.0 025 
Freeboard Teo Ons D 0.5 
Payload Weicnt 5.0 9 C 6.0 
Blond Volum —— — 1.0 .« 3.0 0 — 1.0 
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Column No. BE: m 2.7 cde NN 
XPOT (X Liquid cargo) 0 ‚20 re | 
Displacement (T) ፅ2752 5051 - 52055 ` .. 5 ከሰበ 
CD ooo 597 590 . 700 

VE .923 928 .921 .896 

B/T 2,465 ጋ ረብ 2.544 2.667 

L/D. SS RE UM 11.84 90 OO 
Length (fi) T as? 706.9 ሠ... ሀ 
Beam ert) bor» 100.9 192.3 GEO 

Bert (ft 5) 36.5 49.2 33.0 

Batch (ft) (Ea Son. (ars 61.5 

sb 0 552 7 ۱ Er c MG 
cm 972 ON 972 ECH 

OV .00349 . 00348 .00347 .00283 

Cw EE - b. s c . 74° . 9 5912. 
Maximum SHP TETAS 91593 80367 104806 ክቢ 
Bugur. Sun?» . .: : 18252 16284 16441 ۳ 

Endur. fuel (T) 3817.55 2675.12 3085101 792: 50 05 ይክ 
Mission s1. (7) 2637.31 2675.12 2614.20 _ 2632.68 | 
Bent Ship Lisp. “5765 ||. ፣ ቴቲ ግ 12825 mE 
Payload 2 Eno. (T) — . 25113 . ebOlO. NEN 25506 
Mail. Pla. Vol. 1292590 12878156 132072 med 
RER, ES. Vol. . 1፡90ሪሪዐህ ደፐደኗረሪረመ ስከ 1327829 

GM om ES ل‎ - 160.94 ርያ. KA 
Comolement £s ፡: .: 5052  ፻፡፡. -. SET Tan 
Meets in miliions of US 

Beoguisiticn "50.65 co 60.00 73,90 
. Operating is e 6.79 (as 6.48 

ED Year Life መ ۳ ¡Se 164.9 | MOZO O ۳ 
Bo. of I im rong ‘nent US O aT "7 * de 1 ۳ NEN ONCE MG 
Weishtinz Factors Jtilized: 

Fuel 0 WO ne 150 
Freeboard 9 O i ا‎ 

000710594 weilcnt 20 SR 570 520 
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Column No. 0 1 2 5 

MD (SS Licula Carso) .80  .8GO Job. d ፡ 1 
Displacement (T) 49758 50522 50952 51165 

Co 543 ‚552 ‚549 NS 

vo ‚023 , 592 ‚292 „855 

BIT 2.465 2.323 OS 2.554 

L/D ES E EE Es 13 .29 
Menoth (ft) ዓሚ UM Dur OI ea On 
geam Eu) 6፡52: 955 2 97 . 2 09.9 

Meet (ft) 41.1 49.1 40.5 39.1 

Depth (ft E EM en 59.5 

5: ። | O ፥:፣ ጋ. /ጠ 

Cm .972 on 92 . 969 

OV .00349 0209 . 00292 00227 

CW ا‎ “(20 a PE 
Maximum SAP 761357 74628" © 977200) NOS 
2Ddar。 _sSa | ረ... በመ). OT = ee LO 

TF ۵ (T) ` 3617.55 2505.73 4060. 2508.23 
Mission ri. (T) 2637.51 2585.75 2550. DONE 25 oo 
ment Shio ESO. t5799 See | 19756 21399 

m load Cap. RIT. 25115 25734 25096 E 
Avail. Pld. Vol. "12025569 1295566 14465901 — 1448249 
Read. Pld. Vol. 129m480 1293528 1446541 — 1446265 —— 
۲ .. ዲሊ. 32.78 — 5.50 5.00 10.25 — — 
۳۳9610 — ^ à 25፡02 hA ار‎ ole 614 

Costs Mmoemjiilions ot dollars; 

۳۳ ۱۱ 5 1 نا‎ 59.65 5600 61.02 o D 
Ennual Operating Ol SESCH 7.34 7.25 

E vear Life ¡na elec ae E NEM 
Me. of Inboro'rents DONE eee O eee 
weighting Factors 05111260 : 

Fuel ESO 1-5 Qum QE 
Freeooara BoD 0 S One 
SPayloaa weisht ORO set 6979 መ) 

Payload Volume 0 1.0 ` E 
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The geslzn listed in column 1 07 Taole IIT nas NM كككككة‎ 
Mareo Cistridution as £0%-3 and as result is similar to the 
EU sting ች ን The ልህጄጀ>3 15 5131፳ከቲ1ኘ Jarser in silo ce 
Mens Of full load displacement) out this is as expected because 
the algoritnm used in tnis study drives the final design towards 
just meeting its volume requirements whereas this wes not neces- 
Bay an oojective in the design of tne existing ship. Tne 
similarity inalcates trat the aesiegn 1 of the alesoriinze 


ት ፦ 


E Tare for cesigning ships o 


SE 


the AOE-type. 
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All the desisns listed in Table III demonstrate the exvect- 


ffe that tne optimum cesisn, as selected by the vrosran, 
Mere adses in dimension, disolacement, and cost &s the payload 
volume recuirements are increased (increusinz the percentage of 
Oy carzo) while holding tne payload weight constant. EE ከ 
ishment shio design, this is also exnectea Because zen moen 
Mr ement increases as tne percentage or ary cargo carried in- 


EN c5. The manning level increase is Gue to tne Tact that 
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are) 
E ce within the ship and therefore, they too, add to the need 
ES increased snip size. 


Mies expected that the designs listed ¿in columns ! 800 ٩ 


EUU2bie IV vote follow the sare trend as tne Gesigne listea in 
Mere ili. However, due te their much larmer percentuze or ary 





MR onser avolicaple. The Gesizns Listea in welbins 29520) I 
@ ۵۵4۸6 IV show taat by reáucing the weighting factors on the 
fuel and freeosoard effectiveness measures (less penalty for ex- 
Bess Or insuificient fuel and freeboard as the designs carry 
more dry cargo} and by increasing the paylcad weientins factor, 
the designs in these columns follow the pattern established in 
Hable III. Tnat is, increasins volume requirements promote đe- 
EE US oi increased dimension, displacement, and cost. 

uueepolenishment scenario used in computimesmission Tuer 
Beguarenents, Apoendix A-4, is based on a particular liquid ear- 
memcransier rate ziven in Appendix À-4. The mission fuel re- 
quirements are, therefore, sensitive to changes in tne amount of 
Meouic carso carried. However, the mission fuel reouirements 
EN وتات‎ unfortunately, made sensitive to changes in transfer 
time occurrinz as a result of the additional bulk cargo to be 
transferred. Therefore, for the designs of Columns 2, 3, ana + 
M [il and for all the designs of Tabie IV, less penalty 
ይይ ፡ ይር assigned if the mission fuel and the endurance fuei re- 
cuirements (see eauation 4) are not the same. This may be ac- 
ሸጠ ሁት ፦ት ከጤጦካር;[ጠ oy reducing the weighting factor as is done for the 
designs in Coluuins 2 ana 4 of Table IV. 

Reduction of the freeboard weightings factor in Columns 2 
Maa + or Tadle IV allows for more freeboard in the final design 


wech is necessary in volume limited designs. Finally, the in- 


E Se in the payload velghtinz factor increases the imoorvance 


xl 


Beemecting the initial payload welgnt requirement by asslenins 





f 
5 
ha 
+ 
‹ 
, 
Li 
۱ 
je 
p 
ር 
4 

t 


- ` 1 . ^ ` e à E - ۳ 5 R ` 
wm, y "of = ሥ L^ T ln a mm و‎ መጫ ,ጫ م‎ ~ 2 ya de Ta حر‎ ዖ . ሥቋ ሓላ + M ELT = 
uS ^ e 5 ] EP 3 ድሩ « e ሥ ^^ n v^ e e e : 
1 BZ ec E E a a IS va ه‎ መል هت‎ SISSE wild Ce So SAS BER WU Oe a E c cala 4 er e 


Gi 4. 
(3 
ርጉ 
E) 
fo 
D] 
£5 
ES 
CH 


Meereeiore more nearly equal to tne initial reguisemene 
Meee payloads listed for the Gesizns ol Columns Tonn: 

It was expected that the results of Table V would show that 
Eu "imninatlng the requirement to carry a prescripea amount of 
SS rence Tuel regardless of the mission, the resultant designs 
ጠመ ከሪ reduced in dimension, displacement, and cost. The ex- 
መክ ትክ ር result is not apnarent in this Table because the manning 
መክ ]። cOmputed for designs 1 and 2 and for Gesizns 5 ana 4 
(each set having the same cargo distribution) are not the same. 
Ze ከ Lon used to compute manning in these tests was depen- 
Bent en ship size (cubic number) and the installed S.H.P.. As 
EMEN "UL, Lone menninz levels varried even when the basic cargo 
TS Ents were the same. This inconsistency within the al- 


000 csreatly affected the costs Tor these designs anc tnere- 


و 


ore invalicated the comparisons. 

mme in the manning equation which made it aepencent 
ወክ 1 tbe prescribed cargo distribution corrected the error 
present in the results of Table V (see Appendix À-1, equation 
۱ ۰ This new eauation is used in the computations for the de- 
Seeds listet in Table VI. In this Taple, the comparative ce- 
MSN Columns I and 2 did show some reduction in dimension, 
displacement, and cost when the sua fuel requirement was 
Pemovea. The result was expected but the importance of changing 
the endurance fuel requirement seems minimal. aA total savings 


E ursition cost of sligntly unaer $500,000 was all that was 





rea to tne loss in ooeravional flexibility ER = 
@m@eased amount of bunxer fuel on board. 

Ine eesiegns listed in Columns 5 and ማረር. ፡ህሠህሇሠ፡ዯየ፡፡.፡ኪኑፕያፕዢከ."ታፕ M 
show the same comparative results as do the designs of Columns 
l and 2. As indicated, there were far fewer improvements made 
in the designs of Columns 3 and 4 during the 1000 design loops 
mnn the designs of Columns 1 and 2. It is possible that 
additional aesisn 100035 would result in designs ስንን ን ሬኔ ite HN 
meee jn Column 1 aná 2 of this Table. 

t is even more likely that for the 35% dry cargo designs 
91 Columns 3 and 4 that the input constraints placed upon the 


M@eeisn variables are too restrictive. The constraints were held 


፦” 


Mem@ecant for all the tests made during tnis study and they could 


have been unduly restrictive for designs carrying more than 25% 
۳۳ ር መርን The constraints are input parameters and can be 
mee@aliy cnangsed as long as the restrictions imposed by equations 
md 2 are enforced. 

۱۱۳۲ results of ail the tests made for this study, Vartic: 
Em ስስ ህህ the weighting factor tests listed in Table IV, have dem- 
۱ ۱2۵ ۵4 tke need for a difinitive means of measurins the ef- 
Econ life cy:le costs of a specified change in the effective- 
mess factors. The algorithm nas provision for weighting the ef- 
۳۳ دع‎ factors but unfortunately, soe User does mou. M 
@ priori wnat weighting to use. as there is no way of detern- 
۳ tne sensitivity of tne cesign to individual cnanges in 


۱ 


Mee efrectiveness factors, the user may only guess wnat the cor- 
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® conclusion may be drawn as to wnether or not the final ۶ 


mizing tne cesign of snios whose effectiveness is measured in 
mon=economic terms. it would De useful to be aole to determine 
Meeeeecnsitivity of life cycle costs to changes in the inciviqual 
effectiveness factors. One means of accomplishing tais task 
would oe an aigoritnm which incorporates both the exponential 
Bon search technicue ana tne parametric searcn technique. 
ie effectiveness factors desired could be included as input as 
ww Lhe mission requirements of Table II. A parametric search 
E ፎክ made begining vita the input values of tne effectiveness 
Peers 20d then incrementing the searcn tnrough any predeteri- 
M@ecmeanse of values for each effectiveness factor. The aduit- 
meets orograming necessary would only require that a series or 
imbedded "DO loops" be placed within the present algorithm and 
ሙሚ Urrent efiecitiveness calculations removed. 
ErDE-urrently vtilized expenential random seamen could) be 
Meea to fina the optimum design for euch set of specified effect- 
iveness parameters. Tne results of such an alzoriunm would in- 
EE iO tne user what each change in the individual efiective- 
ness factors cost. with this Aaauledze, Zaeersionereonee ren 
the desired level for each effectiveness factor would oe much 
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IDE design subroutine. This nad ect of 5 Ue 
ELI Us|y utilized endurance fuel equation of tne 08 12 aN Ons 
ER tne mission fuel calcuiations and renaming the result 
so as to be consistent with the variable names used originally. 
۳۲ ሠውሮ second case, a card change was all that was required to 


este tne new mannins formulation. Otrer refinements to the 
ب‎ 


E imn, necessary during tne course of this study, were also 


En 


Mi ctated by the programing technique utilize 
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Ine cesiszn model usea in tne ale rithm OL ۲٩ 


stent with ihe parent sale oO M 
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wees ae sins. cons 
tne aesizsn model was deriven. 

We conclusion may be drawn with regard to tne e Tee M 
Mas Lors crosen for this stuay 9s it has not oco Oe a 
Memeletermine accurately, thegm individual ei iecteenecccica 
m Cost. 

feeaunears that the multimission ship ootinization problem 
ames en algorithm incorporating both the exponential 
Ea om) search. ana tne parametric search tecnnigue. 
lNaereasing volume requirements witana tae same 5253716080 6 
ዚዜ  ኮሮብርገጠዝ results in &Gesigns of inecre&sed aimension, diss 
ከ ከ ብ ። ከሮ, ana cost. 

ግደ ከበ መጣሬቲገ፲ግሯ the enaurance fuel requirement for the renlen- 
mT mL Shin of this reovort does not institute significant 
فص‎ in shiv cost wnile it may recuce the flexibiiity 
ce Final design. 

Mmeprograming technicues utilized in tnis révort provide 
icant advantage to the programmer when alterattons 


become necessary to tne algorithm. 





Ine following is a list of auditio“sal saves. Ee  ክ. ር 
siderea to be ofi paramount importance in future studies of this 
ind: 
er cifectiveness parameters should e invest ده‎ E 
mee factors- used in- tnis report are Not Necessary Ss 
Meustive of the possible measures that may oe evelusted- 
articular, otner means ol evalustias the requirements. 
lE ne revlenisnrent mission may oe necessary to reilect 
Mier bulx cargo transier rate. 

ce entire alzorithám saould be revised to incor ate the 
መከ ከነ TiC search techniaue in conjunetion with tae currents 


alizee exponential random search technicue. This is 


Ki 
ER 
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necessary in en E و‎ ne Individual ew 


ክሽ መን!” each effectiveness parameter on ae 


(0 


icn and coste 
M vestigation should be made to determine tne efrect 
Metne initial constraints have upon tne final design 


EN ን“. in particular, the constraints usea in this 


de 


EI Dt should be changed for the more volume limited aesisns 
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The aesisn alsorithm calculates the weisht ل‎ 
Pon design This is done by computdms’ ክር ፡ያርን፡ሜ፡ጌ፡ ሮዕሮቻቻ፣ቻክን c sS 
meengarcd weignt groups, margin weisnt, lilsht salo displacement, 
no fluidas ana etores weight, and the actual payloud. 21m 
ARMA tion, minimum anc actual GM are computed within this sub- 
Boutine. 
The following equations are used to compute the weisnts of 
BEEN vcn weisht groups. The equations are vatterned on tne 
EU ns siven in Refs. (5) anc (12), wita tne exception of 
weignt group one which is modeled on data presentea in Ref. (2). 
EE UH Structure: 
WIGRP(1) = (.206 + .003*(XV(5)-14.) )*CN 4 .Ol1*(CoN-5000C.) 
+ 6250. "Cn ተጋ(ጋ. (ጋ) 1፡|1|፡06. ا‎ 
D. Propulsion: (based on installed S.dH.P.) 
eerie) = .OC471#SHP + 1001. 
EN  ፦!1ር Plant: (osacea on installec S.H.P.) 
WIGRP(3) = .305%(SHP/1000.) +338.4 
communications and Control: 


a terior communications systems: 
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EEXOT - .512«*(CN/1000.) + 10.64 
BU ountermneasures and snio protective 5 


SGA03 = , 51655፦(22/1000 . 
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Wao P(4) cse ro34.1 + زج‎ 423 T 33430 
65.5 represents a fixea weigat for elestronies systeas os 
ERsensions are noi Gepenádent upon the particular desisa ا‎ e 
number also includes navisational systems aná associated equip- 
Bent. 
Seeauxiliary equipment: 
i. Equipment dependent on ship size: 
SGLSD - 91.1*39a2T(CN/1000. ) 
MEC EcusSpment dependent on the emount of carzo oil: 
See = .00555"AFPCT* JPLD 
۱۳۲ sgulomont de»oendent on plant size: 
595115 = 40.524584 nT(SH?/1000. ) 
iv. Total plus 9$ for repair pants: 
WTGRP(5) = 1,09*(S53L3D + SIPLD + SASHR + TRANWT) 
ዌሽ ክን ስ is tne input weisht for reauirea transfer ecuipment. 
۱۳۳۲ ۱ وا‎ (base on ship size) 
WIGRP(6) = Boo CN / 1000.) + 174. 
Permanent: (iuput parazeter) 
MEE (7) = ARANT 
Margin weisht is conputed as four percent of the sum of the 
EN وا‎ Lizat snin dispiacement is the sum of the seven 


NENAS ro1ps olus the margin weignt. 


Peeealgorithm then computes crew size uenendent unon in- 
ከ ካጤ. S.H.P. anc ship size. This was found to be inacequate 
Demers mazxinz test calculations and an eoustlcn suseu unon tne 
EE ንበ ዩ selectea vas substitutec in tne Final coinpucatisns. 
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un tne results of equation 10, tne number of so 
EU ር! as 5.5 percent of the complement, cnief vetty officers 
as 4.5 percent, and tne crew makes up tne remaining 90 vercent 
Bine total complement. 

Usin= data found in Ref. (6), tne comolement weight is 
calculated as follows: 

WTCOMP - (NOFF*A4OO 4 N2PO*330 + NUREW*230)/2240 

gestores welght anà tne weight for potabile water are cone 
meted based on the previously calculated complement size and 
m necessary stowaze factors. 
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Aa re botn computed based on tne installec S.H.P.. 


WTFDWR = 2.18%(SHP/1000.) 
WEL3CL = , =5*( 582/1000.) 
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Volumes for vassageuays, uptakes, ana enzinserinz spaces 
E etberred after the oresent cesigns for nor ا‎ mm M 
Passaseway volume is computed as ten percent of the shino's 


Boite number. Tnis allows for the devendence vassaseway volume 


Uptace volume is tazen as 30,000 cubic feet vlus a factor 


plant size. Equation 11 is usec. 
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መ ለ (ሮገጊ upon the install 
VUPTK = 20000. + 100.*(52።፻/1000.) (11) 
The volume required for the steerinz sear room is deter- 
mened as 5000 cuoic feet olus a factor depencent upon the in- 
ዜን: S.H.?2. (zaustion 12). 
VST3RR = 5000. + 26.%(SHP/1000. ) (12) 
Enzjneerins space volume is computed assuming fixed breadth 
m@eeneignt of the machinery 5ox with the lensth Gepeadent upon 
۱ onstalled S.H.?.. The breadth used ís 53 feet ana tre clear 
decx heizht is 45 feet (Equation 12). 
VII — (SHuP/100C. 39 40. 9985 8O- (13) 
In acaition to these computed volumes whleh are oased on 
Ship size, complement, and/or installed 5.4.?., fixed volume is 


ጫ 


ICONS aCe The volume ل‎ 2, 


tly 


included for stop and o 
TSS soeces may oe resardea as fixea regarcless of ine Gesizn 
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ከዚ caer aepencent upon tre stovase factors initially selected 
E tae user 

The availaole and reauirea volumes aré Coro armer 
Beinsuilicient volume for the calculatea payload weisnt, tne 
Meets is rejectec. If there is sufficient volume, the algor- 
m returns to the main routine in order to continue the aesizn 
mrocess. 
j. Cost Subroutine 

jae Shio's accuisition cost, annual operating cost, aac 
EE live year life cycie costs are calculated witcin this 
mmeroutine in accordance wita Ref. (1). The base cost of each 
EMEN 9s Cetermined cased on a fixea cost ver weignt ፎጅዐህህ ton. 
ክሮ  ን2ር5 روج‎ :.:55306ሬር to reflect material, lanor, and over- 


EE costs at the construction site. They are; 


a. Weisht Group 1---~-99 Be Lon 


b. Weight Group 2----$ ¿5000/Ton 
C. Weight Group 3.---38000/Ton 
d. Weight Grouo ዓመ 000/Ton 
e. Weisnt Group 5----i ;5000/Ton 


au et ¿2000/Ton 
g, weight Group 7---$ ;50000/Ton 


These costs may be cnanzed readily witain the algoritam to re- 
meet new information available to the user. 
ከሸ 1 sum of these computed costs, sercentazes are aaced 


Mer marin, Gesign and construction, escalation, oroilit, change 
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۱۱ 0۵۵ to estimate ennual operatine costs, nen 
መክ ር=ሟ21 relationship is utilized. 
ENDS (540. + 11.302) 1000 
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ጠመጠመ መደ c'5tlonsanlp w&s proviaea to the autnor by Mr. Zearse Kerr, 
ace Snips Design Branch, NAVSEC, Washington, D. C.. It re- 
BE cvs the fact that for estimating purposes, the comolement 
ee Lo a Snip is tne most siznilicant Jactor wo QE 
costs. 

Twenty-Tiv ear life cycle costs are Sstifarcad= 7 .c... 
EE ns toe annual operatinzs costs at four percent for 25 years 
MO tnis Tisure aaaing tne computed acquisition cost. 
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6 „estroyer Types 2000 pot m SO 
lE nu-csorrier Heavy 500 Pele / Mine 45 min. 
Es sives the total transfered carso 311 per ۵ nhn F 
Totals Gallons 
iransferrea 
1 Attack San رت‎ ውጮ. ተ) min, የመኒ 520 
2 نالا‎ 5٩ 2350 min. (2 alons-side tozether) 90 min. 360,000 gal. 
1 Heavy 3 45 min. 225,00022 35 


Se totals result in 1,305,000 sallons oí carro ال‎ 
transierred in three hours. This equals 4501 tons ver reolen- 
ጪጢ ከይ stop as computea in tae following relationship. 
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ጠበሽ | 16” assuming that the delivery ship steams 1000 
ጢቦ. Tiles at twenty anots to and from tae replenishment 
Beas Secems 5CO nautical miles at its endurance speed between 
Memmemisarents, and steams three hours durin- each replenish- 


ment at seventeen xnots, equation 14 may be aerived. 
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B = tne fuel consumea between renlenisaments 
اسل ا‎ = the fuel consumea curing replenishment, 


Meses lirures are deterzined by «nowinz what 5.9.7. is pe- 
EMEN 1. the soecifio speed, tne specific fuel rave, ana 
Bumoenr ot replenisnments to be made. The numoer of replenisn- 
Ms determined by dividing the cargo fuel weignt previously 


Memegiacea by 4591 tons, the weignt of carro fuel transferred 
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Input of volume required Sy a nS 
equipment. 
input value of replenisament suseas 


array wnien stores the 99 ae 
1 R 


Input value of required onay lo ወ 


Input. value of ክዕሪ ን Peque Peon 
ship's aviation features. 


Input value of ship's ammunition weignt. 
Computec value of tne ۵ ۱ EE 
by the slo s cone e uc and crew and 
their effects. 

Computea value a feed water Verse 


computed value of ohosep UE EM m 


Array which stores computed vede 
the shio's seven weight srouv 


o 


Computec value ዐ4:11.56ሆ EEN 
weisht. 


computed value of payload weignt. 


፦ካ 


computed value of potable water weight. 


Computed value of stores weigat. 
Array whion stores IMac vedic veais 


ol 2251 6 


Array which Stores ۵۱ 
indeveneent variables. 


Array which stores tower Mc MSS 
independent RRC 


Input value of the percent ol ۷ ٩ 
መ ve ae 


fy 


Array whlon stores tae Ince vcice (as 
3225 


laoles durl Caeo nn 





te A = E C ፦ . ሆኔ i as = Aes ۴ PTA 
Mesias common etorare. 
Name Pera 11102 
aN =" Svores number of loops as sores] MEM 
ከ ሐ. SS ን ያካከ ሌፎ best value of OOVEZES 
1 = Counter ior the independent varilaole Se rE ege 
IJ = Counter usec woen independeuat warlables ar rd 
in array ho. 
IMA = Numoer of loops to be searcned with tne first expon- 
ont: 
IM3 - Number hs; SEE l seasrena EE See ] 2 
Em. N wos NOSE DODS 0 De 5 9 C SE es ER di pe DOO ex 
DONS TE: 
IC - WNumoer of loops to be searched with the third expon- 
nl, 
J m ORo er Tor, tae nurser Of EE EE 
acera. inteJsencent variaules 
L => counter for tne number of lobos to be evaluated. 
M Mev ole Of Une Exponent in user 
NERR ከ 1 [ር ፈኔዕርዕ፲2 Tor valid or invalla return fron view wee 
HON CS: 
TSQRD ሸበ) “ር 1መተ1ር ይከይቨቫርም in the dra ا ل‎ 
ASAVE “we cavecmtne value of the independent varıablezevı MN 
USE. 
22 EE "noe" used in initielizina EE 
erator: 
Ec ollowinz voriable name aopéars in Tae input susrodiine 
ide Connon storace. 
name Peña ton 
1 TE ‘>er usea in FEC UC IDC TES. 
Mio lion variables nates So ear 1n Une cear a a 
SS ۵ ۱۱ 9 Ce corzon storese. 





Be Ei TOA 

a. = DUO a cs As A IN OA 

MS ES? = computed shio weisnt less mayloac Weis. 

Iur - vomputead sum of tne shin's seven weigat groups. 

Gila tn - vomoutea value of minimum aceeptasle metacentric 
Be sm 


MOM 


-  Vervical moment of weisnt ra 

MOM? = Vertical moment of weignt group two: 
MOMS - Vertical moment of weight sroup three. 
MONA ۰ Vortacal moment of weieht@eroun Four. 
MOX SNS etica) moment o weignt =roup tive, 

HOMO VE coment of weight sroup six. 
M7 NE el moment 0 12151 zron seven. 


۲۳1 - Vertical moment of aviation features. 
"ነከ።፡ ሰ - Vertical moment of ship's ammunition. 
MOMCOX - Vertical moment of ship's comolezent. 


e eys ? 


ID =“ Vertical moment of fee water. 


EKOMFI መስ ሠርከ... moment of ship fuel. 
۱ 
Neu - Vertical moment of ship's marzina weignt. 


ora oe. |. 


.ፅ 


ሂን 
ኑኑ, 


MOMCIL - Vertical moment 
ከ" ንን ን! ነ - Vertical moment oi ship 
ENDO, - Vertical moment of potable water. 
"ን 1 = Vertical moment of salio 


ERR ۳۲۲ sutor er velgasor invelíia return trom Is 
111 111 . 
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Mie following variable 


ZONE ot ss 

[od Neo ال‎ ው ap a 

dee = 4 ^ * 
له‎ ben EE DE E EA Sa KS 2 aE ኤ/ ጨ ۲ SE e Yuso 


vomouted port.2n Of elena: conn vee 
Por ouLec portion OE weieat Zen 


vomnpatea value of S.H.P. required {67 ioe oe 
Ee minimum acceptable sd bcc 

soitputed value 0i speed-lensth ratio needed to enter 
EE ما‎ 

Ee REENEN 


nemes appear in tne volume ይዚ 2 


Ec outside common storace. 


Name 
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kA 
z 
E 
ርጋ 
FJ 


KARMO 
MISSTR 
N3X 
NoPOX 


BM 


Al AA A 


را 12۱ 


Computeà valae of miüáship's area. 


Vode Ol Doatswain!s locker: 


Comouted value of midsnio's coefficient oased on deotn. 


Computed number of chief petty officers (real). 


Volume of drying room. 
NOl of electrical SHOD. 
Computed number of enlisted men (real). 
Computed volume of shivn’s galley. 

YO une of zeneral shops: 

"sue of the hoooy sop. | 
Compited number of shiv's heaus. 
Th of thé master at arm sonic. 
Velwme of miscellaneous Store roO 
oubatec number or ocerths. 
Computea numoer of CPO mess seats. 


Computea nunber of enlisted mess seats. 
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Vario 
Von, Oh 
VOEOBSP 
0 0 
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DRY 
VENA 
Vi Ma 


VFUZL 


VAD 
VIP5 
VLADRY 
VLUSOL 
VMzZSS 
VOr Ick 
VOI 


POLENG 


sunroutine. 

2111 ሮመ ር. ?1ከሠርም። ST asar oa ስሳ 
vOmoutea number of showers. 

Como اجرج تاشن موي کی‎ 517 unicos 
اد‎ le e ee oí Ma closets 


Volume of the ordinance 


indue of the post orifices 


Som 


Dolores, the trani an 
Eognputec volume. regulred Sor fc 


sonpsved volume of berthin epore 
EE 51 cobbler shop. 

Do une required ios LEO نا‎ E 
Eoncoteo volume of (fro nese. 

ee IN ec volume rogdireg 205 005 9c 


Computea volume 


vonpuved vol of tne enli 


SomouLved volume recuired 19 


Vole Of tne chain Locker 


for enlistea oeriins 


mess 6 


steu 


Computed volume of the ship's heacs. 
Opale volumne required oy Car ا ار‎ 
Computed volume for the shiv's laundry. 
Somvuted volume far shin’s lubrication 
GSMeuved volume OF Messin= facilities. 
Ol ME 250 :1160ل‎ 260152166 nn 
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Somouted volume requireg™e, 


Valido. 


entanserina 


r snip's fuel. 
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VSHOP - omputeco volume required or na 
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۲۱ - Comouted vozume requ] ና 
MUPTn - Computec volume Tor uotaxe spaces. 
۱۳۳۲۲۲ - Computec volure required for reed and potable water. 


Mae ICcliowiln= variable nanes apoear in tne cost suproutage 


۳۳۲ ۱ ۱۵ common storage. 


Name Pet vad tion 

COSI ጠሙ omputeo cost oi weight CTO one. 
03852 ከ865 ብ ከ 11ፎ1 ሮዕሀ65ህ 1 ህሮ3ሮስርህ sroun two. 
0053 ከቢ erputeg cost of welcsat aroun ware. 
COS4 986 ፡ገ.60 ርዕ60ዕ of weimlil zsrosp Tanz. 
055 mee or julec cost of weizat sroup five. 
06 ሺ የ ፕ )፤ ld 2651-0111 TOS six. 
235 / 562 1 !0 ርዕ6ህ 01 weElchl CTO seven. 


SCOS 


ES 
I 


Compute sum of tns costs or taegseven vei 40 c no 


ርጋ 


AO zu. 9213 plas chznge oraer cosus., 

SOC PVE costs plus design aña consu rei ያ ክር 
SUPES ር ፡ plus Escalation gosta. 

SLES plis mrzila costs:‏ مات 

oP? SS DSS plus profit 20siri: 

— ይይ. .፦>፦ 1:5 plus DOSt GeliVery cea. 
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- D rine 7 e Sen -= = S ችን e t. nr. 7 . 
The Following variatle names appear in the effectiveness 


Suoroutine outside common storage. 
Name ۱ ۱ ۳۳۱ 1 با‎ 


DIFUEL - vomoutea fuel weight for 5etweenm reolenishment steam- 


JE 
EFF - Comouted value of effectiveness. 
NISRA - Inaicator for valid or invalià return from this 


subroutine. 


Rerun - Computea fuel weight For alons-side replenishment 
steaming. 


PR - Computed value of replenishment S.H.P.. 


TTS = Computea fuel weignt for transit to and from replen-— 
ishment area. 


gee following variaole names avoear in the output subrou- 


c 


۳۱ ouLSiae comnaon storaze, 


Name Periınition 

1 Si 110106201 for which part of tne EE 
used. 

1. Stores the current value in tue از‎ CO 


2. Box Descriotion 

NE uin or executive routine and all the subroga rego 
۱۳ ከ ሰ OPLimiz2tion prozram are suddivided into blocks of cal- 
Meters. Each block or sroupins of statements performs one 


Me GIScinct stens curinz the computation process. Tnis 


ርጋ 


ES ucovn simolifies mexing cnenges to the progran within tne 
establisheà prozram logic. The dlocas, calleá "ooxes", are in- 


Baer Dy comment cards in tne program listinss (See 5562501 E). 


Main Routine: 





Sox i 


۰ ۳ 
D wo a Se 


ON 


BOX 


Pox 7 


3ox 8 


Box 9 


Box 10 


Box 11 


Box 12 


Box 14 


mex 15 


Box 16 


Box 17 


wn 


waich exoonent is io oe used by toic ۱ 


sets up. tae variadle counter وس‎ ETS 


'ጋ 


Sets up counter for tne numoer of cesien aus 2 ቤዜ 6 
ከ ህን ስሮ 11. variasle. 


Performs the variable updating procese ar ee م اام‎ 
ine updatea variaple is within prescrioed limits. 


Galon ates- basie shij almensions and coeficients mta e 
EE EE, deelen is within Da ፕ፣ዚጺጳ”ሻ”ፕታ:ሸ 8 
Seer inl ations: 

vecs whether volume subroùtine sacula be calle Trn 
Mexes Call if necessary. VJhecxs Tor adequieve C CNE 
return. Valls cost ana efiectivensss subroutines sand 
CEES for proper A Compares calculatea value 
of cost efzectiveness with best previous value. 


Tu 2 


Seves inaevendent variables 01 most reeent ۵ ሚጩጭ s 
Seles Output subroutine to indicate inori Si no 


meow oolatl or inner desi-n loo Restores prior value 


D. 
Se ES 
SE Gesizn variaosle if upasie dia not 10 E 
eeceptaole design. Shecxs if program Is in ከውን ዓን 


TOONE 


Checxs if ail independent variables have been updated 
ana if program hss proäuces a COSTAR value during any 
E VT ous Gesign cycle. 


Enä of design loop. 


Palle outeut saeoroatine.to indicate tra m oe a 
« ከከከ ጤ!1መ1ሮር.. 
ls outout subroitine to ከምን ን ን5 ን 


j al 
scu achieved from tne 20000805 es 


iL Suorouıtine: 


Mie noat subroutine reacs in the inicial cata ena ۱۱5 


siaual 


So scence coeffictents for tho gore rin subpSut Ine ۲ 





a ae. سا‎ Ser 4:2 05 SS NEC 5. UM ON DAE lists 

Ma la LA Va sis ما الا اک‎ በከየ 

۳ (02 0۵2 F). 

Mesisn SuoroJtine; 

Box 1 - Initializes error indicator 9 proper wei E DN 

Box 2 E | ulotes CudoilC nurser. 

Box 7 - Calls powering subroutine for mazxiuum sDpcedss 86066: . 
the S.H.P. reoulred io maxe the enGurance speed. 


pox 5 = Cells vöowerins subroutine for revienisament S.H.P. and 
BES Fo oat the ሦር 1 ጋብር ክርም ከ. 

Box 9 ar ነ ርይ5 welsasbs.for Las 
AA yeligatl, enc lisge sa 


st&naáara seven weisnu ات‎ 

11... ፡ የ ያ ሇህ ee 

Memo = Calculates crew size, comolement wedgnt, ana weishts 
for snip's stores, o2table vater, preserve feed water, 
۱۳۱ መ” 0o:1.—&nd endurance 657 የ 


۲ i  - oneezs tor adequate aisnlacement. 
۳۳ te - Caleulates actual payload weight. 


Box 15 - necks that actual payload weisht is 75% of toe re- 
EES 


ed payloaü weiznt or more. 


iO ርጋ 


ፍ፦. 


۲ - Calculates minimum 3, KF, 2ኛ, KM, ana eculal GE. 


۳ lS - Checzs for adeouate 2:1. 


۳ | - Provides for inadecuate design return to main prozran. 
ES Suoroutine: 
Box | "E leula es internal Volume” Sel raoe malinzderze 


Box 2 Sweolcitetes volume reagutireg) for sans stores: 


mex 5 = OCslculates volume reauired for enlistec ance CPO oer ia 
ing. 

BOX 4 5 1611125066 volume recuired for below aeos4sS Eunivary 
Maca Lee, 


E = E .« ድ T {> ዳ ፦ ^ e = TEDE A KA 
Box 5 E lculetes volume rscuinreGd for E EE 
ከ ን፡ o cities» 





Box / - 
Nox 6 - 
SOX 9 - 
Box 10 - 
Eox 11i - 
Box l2 - 
Base 
Ec 14 -- 
Bee 15 - 
Box 16 - 
Eox i7 - 


most Subr 
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BOX 


BOX 


BOX 


Sox 
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OO = 90 人 WW ኪን 
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Effectiven 
Eox 1 = 


Box 2 = 


OT SS. 2 
z مه ەد‎ ኤሠ O 
ሆ ~ a wa 
O) S WOES 


volute 


-ülculates volume required oy steeri gear room. 
valculates volume requirea oy Delow desas shops. 
awices.- Fixes volume. Taree re zZ u 

valoulates volume requirea መ  : ያመ 
valculates volumes recuired for machinery spaces. 
calculates volume available for vayload. 
serculetes volume regquirea far actual n NOB 
vnecxs for adequate volume For veyload. 

Proviaes for inadecaste volume return. 

satine: 

me‏ اد ی lenlates Dusie aullisıtlaon cast Basen‏ رن 
weight xroups.‏ 

ከር percent TOT METI 

Bags aupertertase Por Gesign ana construciones 
Aacus a percentage for esculation costs. 

pele percentaze for poPofit. 

ES percentage for change order costs, 

E 2.2 percentase for OSL Cellier COPI EE 

mes Wencrcenwase for quality ascurence cosus 
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Box 4 = „neczs which ootirizastlon sonome le to ةك‎ 088 

mox + =- valculeates effectiveness es fixea number plus the sun 
Of the effectiveness factors, 

Biere 5 = Ualeulates effectiveness as a fixed nup pM NN 
Sam oi une aosolute values of the effectiveness M 
5 

Box 6 = checks ihat the effectiveness natioer is not lC M 
or €qual to zero. 

BOX Bee ee, tor error ep e ee 


n 
Box 8 EN uates cost effeetiveéness. 


ኣርጋ 
| 


Checks tnat cost efiectiveness is not zero anc& returns 
Vera or Osr an, 


Box 


Mmerering Suoroutine: 
The vowerine subroutine is the same as that used in Ref. (7) 


ma is based on Taylor's Standard Series (Ref. (9)). 


(b 


EE cu Numoepr Generator: 

INED uDnerlon suoroutine used to zenerate 522 2 ال‎ 
EM ry for unäatinz the Independent varlanles Ís taat used 
in Ref. (T) modified to ensure & zero return on the first call 
۱5 006 ۸ pe E Lon, 
ur Subrouvine:; 

"ኤቪ ከ6521: suoroutine sets up the format Tor اب مرول دنا‎ ES 
Matter the frst vase. It provides for listinz eacn im- 
Drovement on the initial design und inaicates tne final or 


iman design. 








Mae rollovins 1911012091 4023ያ[..ሀ402፡ፕ ህኑ.ነያሇ[,፣ ፒጥ M 
Ber nresenten in Table II. 
EN 1 51 rayloac >= 25,700 tons 
BEvaximun Speeáü - 26 xnots 
EN ec olenisanent Speed - 26 znots 
Endurance Speed - 17 «nots 
Endurance Range - 10,000 nautical miles 
5 rnament height - 50 tons 
۳ ከ ከ1 1 ር1ዕ፲1 eizat - 70 tons 
EN "ation reatures Zeizht - 841 tons 
Meester Zauipment “weight - 1205 tons 
በ008. 1.1ር Cargo - varies from 92$ to 65% 
BENUP-5 - 22.5% of liquid cargo 
ጠመክ so Armunitior Weisht - varies from 5.7% to 


ከ ን ሜጋ weight - varies from 1.3% to 7.4% 


Maximum sean. - 109.0 feet 


T2zxmum 42.0 feet 


ve} 


EE red ‘ransfer Power - 5000 horse power 
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